Honey is a sweet, viscous syrup produced by the honey bee (Apis mellifera). It is probably the first natural sweetener ever discovered, and is currently used as a nutritious food supplement and medicinal agent. The aim of the present mini-review is to summarize and update the current knowledge regarding the role of honey in CVDs based on various experimental models. It also describes the role of its phenolic compounds in treating CVDs. Many such phenolic and flavonoid compounds, including quercetin, kaempferol, apigenin, and caffeic acid, have antioxidant and anti-platelet potential, and hence may ameliorate cardiovascular diseases (CVDs) through various mechanisms, such as by decreasing oxidative stress and inhibiting blood platelet activation. However, as the phenolic content of a particular type of honey is not always known, it can be difficult to determine whether any observed effects on the human cardiovascular system may be associated with the consumption of honey or its constituents. Therefore, further experiments in this area are needed.
Introduction
Of all the lifestyle factors that play an important role in human health, nutrition is key. Recent clinical and epidemiological studies indicate that honey may act as an important mediator of human health [1] [2] [3] [4] [5] [6] [7] [8] [9] .
Honey, a natural substance which has been used as a sweetener for thousands of years, is produced from honeydew or flower nectar by bees (Apis mellifere). Its chemical composition is influenced by its botanical origin, mode of processing, seasons, and environmental conditions [7, 10] . Honey is not only considered a food or a sweetener, its consumption has long been regarded as having beneficial effects on human health, as described in early Greek, Roman, Vedic, and Islamic texts [11] . In addition, more recent in vitro and in vivo studies have confirmed that honey possesses a range of antioxidant, antimicrobial, antiviral, anticancer, and antidiabetic properties, and it has been shown to demonstrate protective activities on the nervous, cardiovascular, gastrointestinal, and respiratory systems [1] [2] [3] 6, 7] .
Most of the biological activities of honey are attributed to its constituent phenolic and flavonoid compounds. It has been found that the effect of honey on the cardiovascular system depends on the bioavailability of various phytochemical compounds, and on their methods of absorption and metabolization [7] . This is not unexpected, as each type of honey bestows individual health benefits [12] [13] [14] .
Frankel et al. [15] report that the color of honey is related to its content of various plant pigments, especially carotenoids. Khalil and Sulaiman [1] also describe a correlation between color and antioxidant capacity, with darker honeys having the highest levels of antioxidants. Gheldof et al. [16] also note a significant correlation between the phenolic concentration of honey and its antioxidant activity Table 1 . The most common phenolic compounds (flavonoids and phenolic acids) in different types of honey [7] .
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Chrysin (C 15 Few papers have been published on the bioavailability and metabolism of the phenolic and flavonoid compounds in honey. Schramm et al. [43] report that plasma total phenolic concentration increased together with the antioxidant and reducing capacities of plasma after consumption of 15 g of honey/kg bodyweight for two types of honey. Forty subjects took part in this experiment. However, the authors did not describe how long the subjects consumed honey in this study. Recently, it has also been reported that the absorption and metabolism of honey phenolic compounds takes place in the small intestine [2] .
Bogdanow et al. [19] indicate that honey can contain nitric oxide metabolites, which may play a protective role against CVDs. The chemical composition of honey, as well as the bioavailability and metabolism of its constituents, has been described in a number of review papers [1-3,5-9].
Honey and Cardiovascular Diseases
Cardiovascular diseases (CVDs) constitute a serious challenge for modern medicine. Studies indicate that certain factors, such as oxidative stress, hypertension, hypercholesterolemia, inflammatory factors, and diabetes play particularly significant roles in their development. In addition, obesity, physical inactivity, and the increased blood clotting and hyperactivation of blood platelets may also play important roles [44] [45] [46] . However, clinical trials with antioxidant supplementation do not always demonstrate efficacy for CVD reduction. On the other hand, there are few papers which describe the role of antioxidants in CVD reduction. For example, Daskalova et al. [47] reported that commercial aronia berry products are a rich source of phenolic compounds, and it has antioxidant properties. In addition, it has anti-atherogenic and cardioprotective effects in aging rats.
In Vitro Experiments
Ahmed et al. [48] examined the effect of honey in vitro on various elements of hemostasis: blood platelet functions (measured by platelet aggregation) and coagulation processes, measured as activated partial prothrombin time (APTT), prothrombin time (PT), thrombin time (TT), and fibrinogen level. They found honey to inhibit platelet aggregation with an IC 50 of 5 to 7.5%, and to prolong APPT, PT, and TT at concentrations of 3.75% and 7.5%. Incubation with 6.25% and 11.75% honey also reduced the fibrinogen concentration of platelet-poor plasma: a 13% reduction was observed following the addition of 6.25% honey compared to control samples without honey.
Interestingly, Rossiter et al. [49] report that certain medical honey preparations, viz. medicinal honey (Activon), supermarket honey (Rowse), and honey-based ointment (Mesitran), promote angiogenetic properties in rat aortic ring assay in vitro. In addition, medicinal honey demonstrated greater activity than supermarket honey (Rowse).
Kim et al. [50] suggest that honey demonstrates anti-platelet and antithrombotic effects when used as a component of Kyuang-OK-KO (KOK), measured as inhibition of collagen-induced platelet aggregation and shape change. They propose that the anti-platelet action of KOK acts through the inhibition of ATP release, intracellular Ca 2+ elevation, and phosphorylation of PLCγ and protein kinase B (Akt). KOK not only demonstrated anti-platelet properties in an in vitro model based on rat blood platelets, but also prevented thrombosis in mice. The in vitro model used KOK at concentrations of 0.3, 1.3, and 10 mg/mL, while the in vivo model used it at 2 g/kg for one day, or 0.5, 1, or 2 g/kg for seven days. However, it is very difficult to demonstrate the anti-platelet and antithrombotic actions of honey, because authors used a food mixture that contains honey as well as other ingredients.
In the aforementioned study of 12 types of Greek honey, Spilioti et al. [40] evaluated antioxidant potential using the oxygen radical absorbance capacity (ORAC) test. ORAC values ranged from 619-2129 µmol Trolox equivalent (TE)/kg for pine and fir tree honeys, and from 415-692 µmol TE/kg for citrus and thyme honeys. The honeys were also found to have antiatherogenic properties: for example, when administered at 20-500 µg/mL, honey reduced the expression of adhesion molecules vascular cell adhesive protein 1 (VCAM-1) and intercellular adhesion molecule 1 (ICAM-1) in endothelial cells. This activity was also found to be associated with phenolic acid content.
In Vivo Experiments
In vitro experiments have shown that honey has cardioprotective potential; however, there are only preliminary results. In vivo experiments partly have also demonstrated this potential. James et al. [51] describe the role of herbal medicine in hypertensive patients (260 study participants). The most commonly used herbal medicine among users were honey (n = 89; 33.3%), moringa (n = 80, 30.0%, and garlic (n = 73, 27.3%). However, they report that honey consumption has a beneficial effect (especially diabetes mellitus and weight reduction) in hypertensive patients. Moreover, the authors do not describe the type or chemical characteristics of the tested honey.
Rakha et al. [52] found that pretreatment with natural wild honey (5 g/kg) for one hour prior to injection with epinephrine (100 µg/kg) protects anesthetized normal rats from the incidence of epinephrine-induced cardiac disorders and vasomotor dysfunction.
Khalil et al. [53] found Tualang honey to exert a cardioprotective effect by inhibiting oxidative stress, as determined by the content of thiobarbituric acid reactive substances (TBARS), a marker of lipid peroxidation, and the activity of antioxidant enzymes. In this experiment, 40 male albino Wistar rats received Tualang honey (3 g/kg/day) orally for 45 days.
Afroz et al. [54] report that Sundarban honey (5 mg/kg/day, for six weeks) confers protection against isoproterenol-induced myocardial infarction in Wistar rats. The mechanism of action of the honey was associated with inhibition of oxidative stress, measured by the TBARS content in rat heart tissues. Sundarban honey, one of the most renowned types of honey from Bangladesh, is a wild multi-floral honey produced by Apis dorsata bees. In addition, Islam et al. [55] note that Sundarban honey contains higher levels of phenolic compounds than other Bangladeshi honeys, with a content of about 690 mg gallic acid/kg. Erejuwa et al. [56] found that Nigerian honey (1 and 2 g/kg) ameliorated hyperlipidemia in a group of alloxan-induced diabetic rats. Honey was administered to diabetic rats for three weeks. After this time, high-density lipoprotein cholesterol (HDL cholesterol) was found to be increased, while triglyceride and very low density lipoprotein cholesterol (VLDL cholesterol) levels were decreased. Moreover, honey (1 and 2 g/kg) significantly reduced hyperglycemia. Compared with the initial blood glucose level was lower (about 40%) in diabetic rats administered 1 g/kg body weight of honey.
Rasad et al. [57] compared the effect of honey consumption and sucrose consumption on lipid profile in young healthy people. One group received 70 g per day of natural honey mixed with 250 mL of tap water. A second group received 70 g per day of sucrose mixed with 250 mL of tap water. The lipid profile was determined after six weeks. It was found that honey consumption improved the lipid profile, consisting of total cholesterol, triglycerides (TG), and low-density lipoprotein cholesterol (LDL cholesterol), and increased HDL cholesterol. The reverse was observed for consumption of sucrose. The authors suggest that the effects of the honey may be associated with the presence of trace elements which act as antioxidants; in addition, the honey also increased lipid synthesis and reduced lipolysis, which can lower the level of lipids in the serum. Other authors observed that 2 weeks of daily consumption of 50 g carbohydrate from sucrose and honey exerted similar effects on measures of glycemia, inflammation, and lipid status in glucose-tolerant and intolerant individuals [58] .
Both in vitro and animal in vivo experiments have demonstrated that honey can serve as a natural treatment for CVDs through its antioxidant and antiplatelet properties, as well as its other biological potential (Table 2) ; however, only one experiment has been performed in vivo in a human model, and this was based on a group of young, healthy people. In addition, the study does not define the type of tested honey or its chemical content [57] . Table 2 . Cardioprotective potential of honey in various experimental models.
Honey
Investigated Roles References
Honey (chemical content: undefined) Antioxidant effect (in vitro) [16] Honey (chemical content: undefined) Anti-platelet and anticoagulant effects (in vitro) [48] Medical honey preparations (chemical content: unidentified) Angiogenetic effect (in vitro) [49] Honey (chemical content: undefined) Anti-platelet effect (in vitro) [50] Greek honeys (for example, the total phenolic compounds-5.2 ± 0.2 g GA/kg honey, for fir honey from Karpeniri) Antiatherogenic effect (in vitro) [40] Honey (chemical content: undefined) Antithrombotic effect (mice model) [50] Tualang honey (chemical content: undefined) Antioxidative potential (rat model) [59] Sundarban honey (chemical content: undefined) Antioxidative potential (rat model) [54] Nigerian honey (chemical content: undefined) Modifying lipid metabolism (diabetic rat model) [56] Honey (chemical content: undefined) Modifying lipid metabolism (in young healthy people) [57] 
Honey Phenolics and Cardiovascular Diseases
Phenolic compounds are ubiquitous throughout the plant kingdom and are readily incorporated into honey via nectar or pollen acquired from plants visited by the honeybee [2] . The protective effects of the phenolic compounds present in honey may be beneficial for the prophylaxis and treatment of cardiovascular diseases. Such beneficial effects include antioxidant, anti-platelet, and vasorelaxant properties [60, 61] . Recent evidence indicates the presence of about thirty types of phenolic compounds in honey; however, the profile of these phenolic compounds can depend on various factors, including the floral source, and the climatic and geographical conditions. For example, quercetin, galangin, kaempferol, isorhamnetin, and luteolin are present in all types of honey, but hesperetin and naringenin are found only in specific varieties [62, 63] . Studies have found flavonoids to exert beneficial actions on the cardiovascular system via inhibition of blood platelet activation, reduction of LDL cholesterol level, and by exerting anti-inflammatory activity. Tuberoso et al. [64] report that bitter strawberry-tree honey obtained from strawberry-tree flowers (Arbutus unedo L.) did not induce vasodilation, even at the highest tested concentration (0.206 g/L), despite it containing high concentrations of phenolic compounds: about 920 mg gallic acid equivalent (GAE)/kg. Guerrero et al. [65] note that honey phenolic compounds such as apigenin, quercetin, catechin, and luteolin inhibit blood platelet aggregation though binding to the thromboxane A 2 receptor in an in vitro model.
Chrysin is a natural flavonoid present in high concentrations in various types of honey. It is also present in propolis, various fruits, vegetables, and plant extracts. Anghel et al. [66] report that chrysin (50 mg/kg, daily) inhibits methotrexate (MTX)-triggered cardiomyocyte apoptosis via various pathways, for example by decrease of Bax/Bcl-2 ratio and reducing caspase-3 expression. Farkhondeh et al. [67] also found chrysin to have a number of cardioprotective effects. It acted as an antioxidant, decreased lipid synthesis, and increased lipid metabolism. It also modulated vascular function by increasing the bioavailability of nitric oxide, inhibited the development of atherosclerosis by reducing vascular inflammation, and prevented vascular smooth muscle cell proliferation and thrombogenesis. Its anti-inflammatory action correlated with inhibition of the nuclear factor-κB signaling pathway.
Gang et al. [68] also found chrysin to demonstrate anti-platelet activity by inhibiting the blood platelet αIIbβ3-mediated signaling pathway in vitro. They report that five minute incubation with 1-100 µM chrysin reduced blood platelet aggregation, measured using an aggregometer, and granule secretion, measured by ATP release using luciferin/luciferase reagent, in a dose-dependent manner. Both processes were stimulated by various agonists, including 1 µg/mL collagen. It also inhibited platelet adhesion to fibrinogen, as indicated by fluorescence microscopy, and suppressed the phosphoinositide 3-kinase (PI3K)/Akt/glycogen synthase kinase 3β (GSK3β) signaling and spleen tyrosine kinase (Syk)-phospholipase Cγ (PLCγ)-protein kinase C (PKC) signaling cascades in blood platelets, both of which play a role in clotting.
Ravishankar et al. [69] found ruthenium-conjugated chrysin to potentially serve as a promising template for the development of novel anti-thrombotic agents. This conjugate inhibited blood platelet functions and thrombus formation in vitro, and did not exert cytotoxic effects on blood platelets, as determined by the lactate dehydrogenase assay. The tested conjugate was used at concentrations between 6.25 and 100 µM.
The most widely distributed flavonoid in foods, including honey, is quercetin. Most of the quercetin present in plants is attached to sugar moieties rather than in the free form [70, 71] . Various studies indicate that quercetin lowers blood pressure and restores endothelial dysfunction in hypertensive animals. Quercetin has been found to downregulate NADPH oxidase, increase endothelial nitric oxide synthase (eNOS) activity, and prevent endothelial dysfunction in spontaneously hypertensive male rats when applied for 13 weeks at 10 mg/kg bodyweight [72] . On the other hand, Carlstrom et al. [73] suggest that a diet high in quercetin is not associated with a reduced risk of developing cardiovascular diseases. Their study examined vascular dysfunction, hypertension, and cardiac hypertrophy in hypertensive rats given a diet supplemented with quercetin (1.5 g quercetin/kg diet) for five or 11 weeks.
Duarte et al. [74] note a decreased risk of developing CVDs in hypertensive rats given a diet enriched with quercetin (10 mg/kg daily) for five weeks. This reduction was correlated with lowered oxidative stress. The level of oxidative stress was measured according to urinary isoprostane F 2 and plasma malonyldialdehyde (MDA) levels. In addition, quercetin supplementation has been found to reduce blood pressure in hypertensive humans and to reduce oxidative stress by scavenging reactive oxygen species (ROS), inhibiting xanthine oxidase, chelating metal ions, and reducing lipid peroxidation in vitro [75] .
The mitogen-activated protein kinase (MAPK) pathway is known to be involved in various cardiovascular diseases. Min et al. [76] indicate that quercetin inhibits ROS activation of the MAPK pathway. A similar effect was observed by Wu et al. [77] .
Recently, Nie et al. [78] have observed that quercetin reduces atherosclerotic lesions by altering the gut microbiota and reducing atherogenic lipid metabolites. In this experiment, mice were maintained on a high-fat diet with or without oral quercetin supplementation for 12 weeks. The findings indicate that quercetin reduces oxidative stress, measured by MDA, and inhibits inflammatory processes, measured by the level of interleukin 6. In addition, quercetin decreased the levels of cholesterol and lysophosphatidic acids, and altered the composition of the gut microbiota.
As 500 mg of quercetin, in the aglycone form, is believed to be the optimal dose for lowering blood pressure and reducing inflammation processes, it is entirely possible that quercetin-rich plants and various food products have cardiovascular potential [70, 71] .
Kaempferol, like quercetin, has been found to possess protective effects against CVD via three general mechanisms: suppression of TNF-α production and activation of NF-κB, activation of Ca 2+ -activated K + channels and increasing endothelial NOS activity by stimulating arterial relaxation, and reduction of oxidative stress. Kaempherol has also been found to inhibit the expression of cyclooxygenase [5, 79] .
Another common flavonoid in honey that may have an important role in the treatment of CVDs is luteolin. Li et al. [80] report that luteolin protects against diabetic cardiomyopathy by reducing the expression of matrix proteins and cellular hypertrophy. It does so by inhibiting NF-κB-mediated inflammation and activating the nuclear factor-erythroid 2 related factor 2 (Nrf2) antioxidant response. It also prevented cardiac fibrosis and hypertrophy. Oyagbemi et al. [81] indicate that the protective mechanism action of luteolin is also associated with the NF-κB/Nrf2 signaling pathways. They note that daily supplementation with 100 mg/kg and 200 mg/kg luteolin reduced high blood pressure and oxidative stress, including lipid peroxidation (expressed as MDA) and protein carbonylation, among 40 male Wistar albino rats. Another study by Ou et al. [82] found luteolin to have antioxidant potential against various parameters of oxidative stress, to protect against oxidative stress induced by hydrogen peroxide, a hydrogen radical donor, and reduce the production of ROS in human umbilical vein endothelial cells (HUVECs). The authors propose that luteolin may exert its effects through the regulation of protein kinase C. Luteolin has also been found to display inhibitory effects on the proliferation and migration of vascular smooth muscle cells, suggesting that it may also be a potential candidate for preventing and treating atherosclerosis [83] .
Another flavonoid found in honey is pinocembrin, and this too has been observed to have various antioxidant, antimicrobial, and anti-inflammatory properties. Lungkaphin et al. [84] found it to reduce cardiac arrythmia and infarct size in rats subjected to acute myocardial ischemia/reperfusion. In this study, 20 male Wistar rats were randomly divided into two groups to receive either pinocembrin (30 mg/kg body weight) or the vehicle intravenously. Thirty minutes later, the left anterior descending coronary artery of each rat was ligated for 30 min, and then reperfusion was allowed for 120 min. The pinocembrin group demonstrated decreased MDA concentration and Bax/Bcl-2 ratio, and an elevated phosphorylated connexin 43 to total connexin ratio in the infarcted area. Sang et al. [85] also report that the combination of pinocembrin (20 mg/kg per day) and simvastatin (10 mg/kg per day) synergistically reduced atherosclerotic lesion development in eight-week-old male ApoE-/-mice with hyperlipidemia, possibly due in part to its protective effect on the vascular endothelium.
Recently, Wang et al. [86] have suggested that galangin may also protect against cardiac remodeling by decreasing inflammatory responses and apoptosis. Its action was associated with the inhibition of PI3K-Akt-GSK3β signaling pathways.
Other observations have shown that the phenolic acids in honey may play an important role in the prophylaxis and treatment of CVDs. For example, caffeic acid reduces lipid peroxidation and increases vitamin E levels in plasma in iron-overloaded rats [87] .
It is important to note that it is unknown whether pure phenolic compounds isolated from honey are more effective for prophylaxis and treatment of CVDs than the honey itself. In addition, use doses of pure phenolic compounds are very often greater than in honey. Therefore, these types of studies do not make a compelling case for possible benefits of honey.
Adverse Effects of Honey
Despite its medicinal and nutritional value, honey is prone to microbial and non-microbial contamination. It also has traces of pesticides, herbicides, and heavy metals, obtained from the environment, and antibiotics administered by beekeepers [88] . In addition, honey may contain poisonous compounds, for example, the grayanotoxins found in mad honey from Andromeda flowers. Yaylaci et al. [89] , Dur et al. [90] , Karabag et al. [91] , and Erenler [92] report that certain cardiac effects, such as bradycardia, asystole, acute myocardial infarction, and nodal rhythm, are associated with mad honey poisoning. Therefore, to ensure the safety of honey production, it has to comply with certain standard protocols and legislation.
Conclusions
Honeys exerts a protective effect against CVDs, and this activity is dependent on multiple factors, one of which is its chemical content, especially its constituent phenolic compounds. While the antioxidant properties of honey have been found to correlate with total phenolic compound content, they most likely arise as a result of the synergic effect of the various phenolic compounds present [16, [93] [94] [95] [96] . A similar relationship may exist for other biological properties of honey, such as the anti-platelet potential of its phenolic compounds, which play a significant role in the prophylaxis and treatment of stroke, atherosclerosis, coronary heart disease, and other CVDs induced by hyperactivation of blood platelets. However, this review, examining whether honey is an effective medicine for CVDs in humans, has some limitations. Firstly, while it includes a number of studies based on in vitro and animal models, only a few were performed on human subjects, and the cardioprotective effect of honey remains relatively unstudied among humans with high risk factors, including those with obesity and high blood pressure. In addition, only few papers describe the chemical characteristics of honey, especially its phenolic compound profile, and its effects on CVDs. Therefore, it is difficult to clearly identify the role of honey and its phenolic compounds in CVDs and whether these compounds have potential side effects such as bleeding, tissue ischemia, and hypertension in humans. In conclusion, although pure phenolic compounds are known to demonstrate antioxidant and often anti-platelet properties, it is necessary to first identify all the other potential mechanisms mediated by honey phenolics before the true value of honey can be recognized as a potential prophylactic and therapeutic agent for CVDs, especially in humans. It is an important that the source of honey has a large impact on potential outcomes. Therefore, especially the chemical content of honeys (for example concentration of phenolic compounds) should be studied. 
